ABSTRACT. The purpose of this study was to ascertain whether or not Japanese black bears (Ursus thibetanus japonicus) are induced ovulators. The progesterone levels of female bears kept with a male and allowed to mate (n=2) and female bears allowed contact with a male through bars but not allowed to mate (n=6) during the mating season increased significantly in late October. Based on this result, the female bears were considered to have ovulated. Females isolated from males (n=3) were ovarioectomized after the mating season, and no corpora lutea were observed, indicating they had not ovulated. These findings suggest that Japanese black bears may be induced ovulators that ovulate with stimuli from males and without coitus at a high rate. KEY WORDS: induced ovulation, Japanese black bear, progesterone.
The Japanese black bear (Ursus thibetanus japonicus), which inhabits Japan's Honshu and Shikoku islands, is a subspecies of the Asiatic black bear (Ursus thibetanus). Japanese black bears have unique reproductive characteristics similar to other ursids in the Northern hemisphere [4, 6, 7, 14, [20] [21] [22] .
The mating season of the Japanese black bear runs from mid-June to early August [24] , with parturition occurring between late January and early February in the middle of the denning period [15] [16] [17] . An extended pregnancy of approximately 6-7 months includes delayed implantation, with implantation occurring between late November and early December [17, 23] . Serum sex steroid hormone concentrations change with reproductive status in females [15] [16] [17] .
Mammalian species are classified according to ovulation pattern (a reproductive characteristic) into either 'induced' (reflex or copulatory) or 'spontaneous' ovulators [11] . Induced ovulation is caused by a surge of LH secretion following external stimuli, which is most commonly produced by coitus. An induced ovulator can be defined as a species in which such a phenomenon is the rule [11] .
It has long been debated whether ursids are induced or spontaneous ovulators [1, 11, 14] . Recently, Boone et al. [2] demonstrated that American black bears (Ursus americanus) are induced ovulators. Their female-male isolation study confirmed ovulation in American black bears by direct observation of the corpus luteum with a laparoscope and by an elevation in serum progesterone (P 4 ) levels. Moreover, they reported that most females isolated from males did not ovulate, while most females exposed to males did. However, some studies have reported that blood or fecal P 4 concentrations of unmated ursids were high during expected pregnancy periods [13, 16, 19, 21, 22] . Elevation of P 4 probably indicates that luteinization and ovulation have occurred in these bears. This suggests that unmated bears might ovulate spontaneously. However, induced ovulators including cats are known to ovulate without mating stimuli [5, 9] , and such exceptions make determination of ovulation pattern a complicated problem.
Yamamoto et al. [24] observed the sexual behavior of captive Japanese black bears and reported that they had characteristics similar to those seen in induced ovulators, i. e., long estrous periods that vary among individuals. Sato et al. [16] reported that all mated female Japanese black bears exhibited a significant P 4 increase in December, and that 2 of 5 unmated females exhibited the same pattern of changes in P 4 as mated animals. From such previous studies, we hypothesize that Japanese black bears could be induced ovulators and that some external stimuli other than coitus causes ovulation at a characteristic rate as an exception.
The purpose of the present study was to ascertain whether Japanese black bears are induced ovulators and how often they ovulate without mating by observing the hormonal profiles associated with ovulation.
Mature male and female Japanese black bears aged 5 years or more that were kept at the Ani Mataginosato Bear Park, Akita, Japan (N 40°, E 140.4°) were used for this study. Eleven fertile females were divided into 4 groups, A, B, C, and D, comprised of 2, 3, 3, and 3 animals, respectively. Before mating season, one group was housed in an isolated indoor run (3.47 × 4.88 m) and were fed mainly hominy and cracked barley once a day, with water available ad libitum. "Mating season" was defined to be the period from mid-June to early August in this study.
Group In an adjoining indoor run, a male bear was kept during the early to mid-mating season from late June to late July. The females were able to see, sniff, and touch the male with their paws and nose through the space between the bars. However, the females and the male could not mate through the bars.
Group C (male contact without coitus): Three females, Nos. 6, 7, and 8, were kept together from late May to late October 2003. In an adjoining indoor run, a male bear was kept during the late to post-mating season from late July to late October 2003. As was the case in Group B, the females could make contact with the male through the bars, but they could not mate. Group B and C differed in the time of year that the males were kept in the adjoining run.
Group D (kept without a male): Three females, Nos. 9, 10, and 11, were kept together and isolated from all physical and visual contact with males from late May to late September 2005. However, they were allowed auditory and olfactory exposure to a male. Approximately 40 adult male Japanese black bears were kept in this bear park, and all the females under study could hear and smell them from a distance (> approximately 3 m).
Blood sampling from each female was done 4 to 6 times from late May to late October. Before blood sampling, the bears were immobilized by intramuscular administration of zolazepam HCl and tiletamine HCl (Zoletil, Virbac, Carrors, France; 9 mg/kg) with a dart blowgun. After immobilization, the bears were weighed, and their physical condition was monitored for body temperature, pulse, and respiration. Blood samples were obtained from the jugular vein with vacuum blood drawing tubes. The collected blood was clotted for 1-2 hr at room temperature and then centrifuged at 800 g for about 10 min to separate the serum from the hematocytes. The serum was stored at -20°C until assay.
Serum P 4 and estradiol-17β (E 2 ) concentrations were assayed by time-resolved fluoroimmunoassay (TR-FIA) with a human commercial assay kit developed for the hospital market (DELFIA Progesterone Reagent, Wallac, Turku, Finland) according to the manufacturer's instructions. The assays were done in duplicate. The intra-and inter-assay coefficiencies of variance for P 4 were found to be 7.3% and 10.1%, and those for E 2 10.0% and 9.7%, respectively.
In late August, ovariectomies were performed for the bears in Group D according to the rules for surgery on companion animals. The collected ovaries were fixed in 10% mild formaldehyde and then cut into pieces so that follicles and corpora lutea might be observed. The samples were then dehydrated and embedded in paraffin, after which 4-µm sections were prepared and stained with hematoxylin and eosin. Follicles and corpora lutea were observed histologically.
Values are presented as means ± SD. Student's t-test was used to determine differences in serum P 4 concentrations between the mating season from mid-June to early August and the late delayed implantation period in late October for groups, A, B, and C. If the females ovulated, the P 4 levels were expected to be at their highest in late October in this study [16] . For this reason, the P 4 levels were compared for the mating season and late October. A value of P<0.05 was considered significant.
The results of the serum P 4 profiles for all the bears in each group are shown in Fig. 1 . During the mating season from mid-June to early August, the serum P 4 concentrations of Groups A, B, C, and D were 0.87 ± 0.27, 1.35 ± 0.82, 1.13 ± 0.80, and 1.13 ± 0.63 ng/ml, respectively (Fig. 2) . On the other hand, in the late delayed implantation period in late October, the serum P 4 concentrations of Groups A, B and C were 4.23 ± 2.97, 2.66 ± 0.45 and 2.47 ± 0.64 ng/ml, respectively (Fig. 2) . The serum P 4 concentrations in the late delayed implantation period were significantly higher than those in the mating season in Groups A, B, and C (P<0.05).
The serum E 2 concentrations of all bears from late May to late October were 12.5 ± 5.1 pg/ml and barely changed seasonally.
No corpora lutea were observed in any of the Group D bears in late August. The follicles in all Group D bears were less than 7 mm in diameter.
Changes in the serum P 4 concentrations of female Japanese black bears have been described in previous studies [15] [16] [17] . Sato et al. [16] reported that in pregnant and pseudopregnant Japanese black bears, the serum P 4 concentrations were low from May to July (approx. <1.0 ng/ml) and increased progressively from August to October, corresponding to the period of delayed implantation (approx. 2-5 ng/ml). Subsequently, obviously high levels of P 4 were observed in November and December (approx. 10-20 ng/ ml), that continued until January. On the other hand, nonpregnant bears showed continuously low P 4 levels (approx. <1.0 ng/ml). In other pregnant ursids, including American black bears [4, 6] , polar bears (Ursus maritimus) [14] , and brown bears (Ursus arctos) [21, 22] , the P 4 trends are generally consistent with the results of a study of Japanese black bears [16] .
As already mentioned, in pregnant and pseudopregnant bears, the elevation of peripheral P 4 , which plays a role in the maintenance of pregnancy, was observed after the mating season [4, 6, 14, 16, 21, 22] . P 4 is primarily secreted from the corpus luteum in most carnivores [3, 10] , and luteinization is accompanied by ovulation in most cases. Thus, elevation of P 4 after the mating season indicates that ovulation may have taken place.
In this study, the serum P 4 concentrations of Groups A, B, and C in late October were significantly higher than those in the mating season. The P 4 levels of ovulated (pregnant or pseudopregnant) bears increase gradually until late autumn after the mating season [16] . Based on this, the female bears in Groups A, B, and C were considered to have ovulated. This suggests that both the females kept with a male and allowed to mate and those allowed contact with a male but not allowed to mate may have ovulated.
It is possible that the high P 4 level was caused by luteinization of follicles without ovulation. Indeed, such a phenomenon has been observed in dromedary camels (Camelus dromedarius), which are induced ovulators [12] . As in the above case, elevation of P 4 levels occurs immediately during the mating season. However, elevation of P 4 in the present study began after the mating season (October). In pregnant Japanese black bears, significant elevations in P 4 levels begin in late autumn [16] . Thus, it is reasonable to speculate that the high P 4 levels in the present study originated from ovulated corpora lutea.
The presence or absence of ovulation was confirmed by direct observation of the ovaries in the bears of Group D. Since the ovaries were removed after the mating season in late August, if ovulation had occurred, corpora lutea would have been observed. In the present study, no corpora lutea were observed in any of the Group D bears, suggesting that the females isolated from the males did not ovulate. In the present study, the females allowed to mate were considered to have ovulated, while those isolated from males were considered to have not ovulated. This suggests that Japanese black bears may be induced ovulators. This result is similar to that in the report on American black bears by Boone et al. [2] . In our study, although it was unclear whether the females allowed to mate had actually mated, they possibly ovulated due to closer male stimuli than was allowed for the isolated females.
Furthermore, all females allowed contact with a male but not allowed to mate were considered to have ovulated based on elevation of their serum P 4 levels. This indicates that Japanese black bears may ovulate at a high rate without coital stimuli. Differences in the time of year the males were kept in the run next to the females had no effect on ovulation. Similarly, there are several reports of a few unmated bears becoming pseudopregnant [13, 16, 19, 21, 22] . It is known that induced ovulators ovulate spontaneously without coital stimuli [5, 9, 11, 12, 18] . Gudermuth et al. [5] reported that 87% of young group-housed cats in their study, which are well known to be induced ovulators, ovulated spontaneously without coitus. Spontaneous (without coitus) ovulation occurred in interestrous cats more frequently after exposure to a separately caged male, whose visual and olfactory stimuli might have affected them. In our study, although the females in Groups B and C were separated from a male by iron bars, they could still look, hear, smell, and touch the male through narrow gaps between the bars. Thus, male sexual stimuli short of copulation might have induced ovulation in these females.
On the other hand, the females isolated physically and visually from the males did not ovulate, despite the fact that they could detect some male stimuli over a short distance. It is hard to imagine that weak male stimuli such as a random smell or call could induce ovulation. Because females exposed to a male's physical and visual stimuli, without coitus (Groups B and C), were considered to have ovulated, physical and visual stimuli from males may be important for ovulation in Japanese black bears. Further study will be required to determine what type and quantity of stimuli is necessary to induce ovulation in Japanese black bears.
Although this species has a relatively long estrous period during the mating season [24] , its serum E 2 concentrations were low (< 30 pg/ml) in the present study. In previous studies [16, 17] as well as this one, no peak was observed for the E 2 concentration in the mating season. Fecal or urinary sex steroid hormone measurements, which make frequent noninvasive sampling possible, are needed to clarify the estrous cycle and ovulation pattern.
The P 4 level of Bear No. 1 in late October (6.33 ng/ml) was higher than those of the other bears (1.96-3.19 ng/ml). The higher P 4 level of Bear No. 1 was within the normal range of pregnant bears [16] . The P 4 levels of the other bears, which were relatively low, were also within the normal range of pregnant bears [16] . Because all the females were considered to have ovulated, it is suspected that the P 4 levels of the other bears would have elevated soon after October up to a similar level to Bear No. 1.
In this study, relatively high P 4 concentrations (approx. 1-2 ng/ml) were sometimes observed during the mating season. Although we have often autopsied wild female Japanese black bear corpses, we have yet to find corpora lutea when observing ovaries from earlier than July (unpublished data). In previous reports [16, 17] , high P 4 values (approx. 1-4 ng/ml) were also occasionally detected both during and before the mating season. Sato et al. [16] suggested that this is ascribable to the luteinization of atretic follicles caused by a rise in pituitary hormone secretion, as seen in minks [8] . The high P 4 levels observed during and before the mating season may well be explained by the hypothesis proposed by Sato et al. [16] .
The present study leads to supposition that Japanese black bears may be induced ovulators, and based upon the detection of increased serum P 4 concentrations, they may ovulate at a high rate with some male stimuli short of coitus.
This 
